Summary. The distribution of vasopressin (AVP)-containing or oxytocin (OXT)-containing neurons in the rat hypothalamus which project to the posterior pituitary was revealed by the combination of retrograde tracing of horseradish peroxidase (HRP) and immunohistochemistry. The majority of magnocellular neurons labeled with HRP were located in some of the hypothalamic nuclei, including the supraoptic nucleus and paraventricular nucleus. Many of these neurons were also immunostained by anti-AVP or anti-OXT. On the other hand, some of the immunostained neurons were not labeled with HRP in the dorso-medial and the most caudal parts of the paraventricular nucleus. These data confirmed previous reports concerning the distribution of AVP-or OXT-neurons projecting to the posterior pituitary, as a more direct visualization of both the neuropeptides and the retrogradely transported HRP in the same tissue section was attained. In addition, some of the HRP-labeled perikarya which seemed to have direct contact with the ventricular lumen were occasionally seen; its functional significance is discussed.
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There have been several reports concerning the efferent fiber projection to the posterior pituitary from the hypothalamic magnocellular neurosecretory nuclei of the rat (PETERSON, 1966; SCHERLOCK et al., 1975; HANCOCK,1976; SAFER et al.,1976; HOSOYA and MATSUSHITA, 1979; ARMSTRONG et al., 1980; KELLY and SWANSON, 1980; SWANSON and KUYPERS, 1980; SWANSON et al., 1980; SOFRONIEW and SCHRELL, 1980, 1981; SAWCHENKO and SWANSON, 1982) , quail (MIKAMI et al., 1979) and squirrel monkey and cat (SAFER et al., 1976) . Concurrently, many reports on immunohistochemical studies concerning the distribution of AVP-or OXT-containing neurons have been published (PETER-SON 1966; ARMSTRONG et al., 1980; RHODES et al., 1981) . The results of these studies indicated that the anterior and lateral magnocellular regions of the paraventricular nucleus of the rat project to the posterior pituitary, while the dorso-medial and posterior regions of this nucleus project to the medulla oblongata or spinal cord. The projections to the medulla or spinal cord from some of the AVP-or OXT-containing magnocellular neurons were revealed by SOFRONIEW and SCHRELL (1981) , with SAWCHENKO and SWANSON (1982) using the double staining method which revealed both the marker of the retrograde transport and the neuropeptides. However, there is yet no report that has clarified the distribution of the AVP-or OXTcontaining neurons which project to the posterior pituitary using the combination of HRP study and immunohistochemistry applied to the same tissue sections. We have successfully applied this technique (WAINER and RYE, 1984; BEITZ et a1.,1986) to the rat posterior pituitary; the results obtained are, as a whole, consistent with previous papers, but also include some new findings. To our knowledge this is the first report of a double staining study applied to the posterior pituitary.
MATERIALS AND METHODS

Tissue preparation
Adult male rats of the Wistar strain (BW 250-350 g) were used throughout the study. The animals were anesthetized with an intraperitoneal injection of Nembutal (50mg/kg BW) and fixed on a board. The pituitary was exposed by the parapharyngeal approach (SWANSON and KUYPERS, 1980) and 0.3ul of 10% HRP (grade I-C, Toyobo Co. Osaka, Japan) dissolved in saline was injected through a glass micropipette (ca. 50um in external diameter) which was connected to a 10ul microsyringe. The plunger of the syringe was driven by an oil manipulator. On the next day, colchicine (100ug in 20ul saline) was injected into the lateral ventricle; the animals were sacrificed, under Nembutal anesthesia, on the next day of colchicine injection by the cardiac perfusion of Zamboni's fixative (STEFANINI et al., 1967) . The brains were removed, trimmed, and stored at 4C in the fixative solution with 30% sucrose dissolved in it. The following day, 30am frontal sections were cut on a cryostat and every fourth section was collected for subsequent steps.
Detection of HRP and immunocytochemical staining
The retrogradely transported HRP was detected by the method by ADAMS (1977) with some modifications. First, the sections were washed with PBS several times. They were then incubated in the following solution for 3-5 min at room temperature: 0.02% of 3-3' diaminobenzidine (DAB), 0.02% of cobalt chloride, 0.005% of hydrogen peroxide in 1/15M phosphate buffer (pH 7.4). The sections were washed thoroughly with PBS and then immunohistochemical staining was carried out using the unlabeled antibody method :1% normal goat serum in TBS (PBS with 0.3% Triton X-100) for 2h, primary antiserum (either anti-AVP 1:2000 or anti-OXT 1:2000) for 2 days at 4C, TBS washing, goat anti-rabbit IgG 1:200 for 2 h, TBS washing, PAP complex (Dakopatts, Denmark) 1:200 for 2 h, TBS washing, DAB (0.02%), H2O2 (0.005%) in 0.05M Tris buffer (pH 7.6) for 10 to 20 min. The sections were washed with distilled water, air-dried, and mounted on a glass slide with Entellan.
The anti-AVP was kindly provided by Drs. ZIMMER-MAN and NILAVER (Columbia Univ.) and anti-OXT was purchased from UCB Bioproducts, Belgium.
Specificity check
In order to test the specificity of the HRP reaction, the sections from rats without an HRP injection was processed in the same way as above. For the specificity check of the immunohistochemical staining, anti-AVP or anti-OXT was pre-incubated with 1 to 10 , ug of AVP or OXT for 1 h at 3TC prior to their use in immunohistochemical staining.
RESULTS
The injection site
The black HRP reaction product was seen throughout the posterior pituitary. In addition, moderate staining was seen in the pars intermedia and that portion of the pars distalis which faced the pituitary cleft. When the HRP was injected outside the posterior pituitary, no reaction product was observed in the hypothalamus or extrahypothalamic area. A neuronal perikarya (thick arrow), which is double-stained with HRP and anti-OXT, is situated in the ependymal cell layer. A nerve fiber is seen to project toward the ventricular lumen The reaction product of HRP and the immunocytochemical staining of the neuropeptide was easily discriminated in the double-stained sections as shown in Figure 1C , E. The HRP reaction product was seen as black dots in the cytoplasm of the neuronal perikarya, while the immunocytochemical staining was presented as diffuse brown staining in the perikarya and processes. Some neurons were labeled only with black dots, some were labeled only with brown diffuse staining, while others were double-labeled with both of them. The distribution of the neurons labeled with HRP, anti-AVP or anti-OXT is summarized in Figure  2 .
In the supraoptic nucleus (SON), a majority of the neurons were double stained with HRP and the neuropeptide (AVP or OXT), but a small number of neurons were stained only with the neuropeptide (Figs.  1D, 2c-g ). The retrochiasmatic part of SON consisted of a mixture of neurons stained only with HRP, AVP or OXT, and neurons double-labeled with HRP and the neuropeptide (Fig. 2k-m) .
In the paraventricular nucleus (PVN), nearly all the neurons in the lateral magnocellular region were double-stained with HRP and the neuropeptide (Figs.  1A, B, 2f-k ).
There were, however, two exceptions. First, a number of neurons in the dorso-medial portion of this nucleus were stained only with OXT (Figs. 1B, 2h) . Second, neurons at the posterior end of this nucleus were also stained only with OXT without showing retrogradely transported HRP (Figs. iF, 2k) .
In the suprachiasmatic nucleus (Fig. 2d, e) , virtually no neuron was recognized to be labeled with HRP throughout this study (we could find only one labeled neuron in this nucleus), though in its vicinity one or two neurons were occasionally seen to be labeled with HRP.
The other magnocellular nuclei of the hypothalamus, i.e., the accessory magnocellular nuclei (Fig.2f-h ) and neurons of the perif ornical region (Fig. 2d, f , i, j) comprised four kinds of neurons: those stained only with HRP, AVP or OXT, and those double-stained with HRP and the neuropeptide. There were some of the neurons labeled with HRP in almost every magnocellular nucleus.
CSF-contacting neurons
In the course of this study we often observed that some of the perikarya labeled with HRP were situated just beneath the ependymal layer, or in certain cases, within the ependymal layer (Fig. 1C) . These neurons, which are known as 'cerebrospinal fluid (CSF) contacting neurons', were often additionally stained with anti-OXT (Fig. 1C ). In some rare cases they were stained with anti-AVP. Also, OXT-or AVP-containing fibers were frequently found within the ependymal layer. The perikarya and fibers of these CSF-contacting neurons were observed from the plane of the anterior commissural nucleus to the caudal end of the PVN. Sometimes perikarya in the subependymal layer were observed sending processes to the ventricular lumen (Fig. 1C) .
DISCUSSION
The specificity of the HRP reaction was proved by the fact that no reaction product was observed in the neuronal perikarya of the hypothalamus-including the PVN and SON-when the sections from the rats without HRP injection were processed in the same way as the experimental ones. The specificity of the immunostaining was confirmed by the preabsorption test as described above. The anti-AVP and anti-OXT sera had a weak cross reaction with OXT and AVP, respectively, but this was deemed to have no bearing on this study because the specific staining was much stronger than the cross reaction and was distinguished clearly.
As shown in Figure 1C , E, the black HRP reaction product was clearly observed in the neuronal perikarya with or without immunohistochemical staining, showing a diffuse brown coloring. In regard to the interference of the HRP reaction with the immunostaining, there is a point which should be reported in detail. When the sections were immunostained after incubation in the DAB-cobalt solution, the immunohistochemical reaction was supressed to a certain degree. This effect was conspicuous when the incubation time exceeded 10 min. We therefore employed two modifications to overcome this problem. First, the colchicine injection was given one day before sacrifice to facilitate the immunostaining of the neuronal perikarya. We also tried to reduce the concentration of the cobalt chloride, finding that 0.02% was sufficient to make the HRP reaction product uniformly black. By these modifications it became possible to ensure that AVP or OXT were immunostained with only a slight decrease in staining intensity even after the detection of HRP in the DABcobalt solution. In addition, the animals remained in good condition even after surgery, and the HRP seemed to be effectively taken up by the neurons. As a result, an incubation time of less than 5 min was usually required for the detection of HRP.
In the pituitary, the HRP reaction product was observed not only in the pars nervosa but also in the pars intermedia and that part of the pars distalis which faced the pituitary cleft. This was due to the diffusion of the HRP solution during the insertion and drawing out of the micropipette and was unavoidable with the injection method emlpoyed. However, the undesirable diffusion into the pars intermedia or pars distalis can be discounted, because when the injection was done outside of the posterior pituitary, no HRPlabeled neuron was observed in the brain regions studied.
In general, the distribution of HRP-labeled neurons was similar to that already reported by others (SCHERLOCK et al., 1975; ONO et al.,1978; HOSOYA and MATSUSHITA, 1979; ARMSTRONG et al., 1980; KELLY and SWANSON, 1980; SWANSON and KUYPERS, 1980) .
As has been already reported by some investigators, magnocellular neurons can be classified into two categories according to the destination of their fiber projection: those projecting to the posterior pituitary and those projecting to brain stem or spinal cord. In the PVN, the dorso-medial region and the most caudal region have been reported to project to the brain stem or spinal cord, with the other regions to the posterior pituitary (ONo et al., 1978 ; HOSOYA and MATSUSHITA, 1979; ARMSTRONG et al., 1980 ; SWAN-SON and KUYPERS, 1980) . As a whole, our results were consistent with these reports, and the fact that different regions of PVN project to different parts of the brain was further confirmed by a direct visualization of retrogradely transported HRP and the neuropeptides in the same tissue section.
In the course of this study, we often observed the CSF-contacting neurons,' which were reported in mammals to be situated in the subependymal layer, with their cytoplasmic processes projecting to the ventricular lumen (VIGH and VIGH-TEICHMANN,1973) . During this study, however, we often found HRP-labeled neuronal perikarya not only beneath the ependymal layer but also within the ependymal layer. The presence of these CSF-contacting, and OXT-or AVP-containing neurons suggests that some of the neurons which project to the posterior pituitary have a direct connection with the cerebrospinal fluid. This is interesting in view of the fact that the posterior pituitary is involved in the regulation of the osmolarity of body fluids. It may be possible that some neurons contacting CSF and at the same time projecting to the posterior pituitary receive information concerning the osmolarity of the cerebrospinal fluid directly from the ventricular lumen.
